Background: Mohamed Khalifa has been healing even the most severe muscle and joint injuries in Austria for more than 40 years, without surgery, only with his hands by applying pressure on the skin. In this article, the author summarises the first scientific results trying to describe the way of functioning of this unusual form of therapy called RegentK. Historical aspects, regional oxygen saturation of deeper knee tissues, thermographic measurements, and electrodermal mapping are described in detail. Summary: Rupture of the anterior cruciate ligament (ACL) is a high-incidence injury usually treated surgically. According to common knowledge, it does not heal spontaneously, although some claim the opposite. RegentK was developed for injuries of the musculoskeletal system. In one study, it was shown that after 3 months, 47% of the RegentK patients, but no physiotherapy patient, demonstrated an endto-end homogeneous ACL on magnetic resonance imaging. Key Messages: We conclude that ACL healing can be improved with RegentK.
Introduction
The native Egyptian Mohamed Khalifa has been healing even the most severe muscle and joint injuries (e.g. rupture of the cruciate ligament) in Austria for more than 40 years, without surgery, only with his hands by applying pressure on the skin, in just one hour; completely and permanently ( fig. 1 ) [1] .
He treats about 3 patients per day and has unusually high success rates. His patients include top athletes, like Steffi Graf, Roger Federer, Boris Becker, Marc Girardelli, and Sergey Bubka, as well as footballers, skiers, climbers, and even trauma surgeons themselves [1] .
It seems possible that Mohamed Khalifa has found a new method in medicine. In this review article, the author summarises the first scientific results trying to describe the way of functioning of this unusual form of therapy called RegentK. The goal of this comprehensive article is to provide information to all interested persons in the scientific community.
Historical Aspects
The knee is a complicated joint with multiple ligaments ( fig. 2 ). The cruciate ligaments secure the stability in the knee in cooperation with other ligaments, the menisci, and muscles. Injuries of the anterior cruciate ligament (ACL) are more common than injuries of the posterior cruciate ligament. Already in 1949, Tidy [2] made the following statement concerning a rupture of the ACL in Massage and Remedial Exercises in Medical and Surgical Conditions : ' The injury is a very serious one, since, unless the crucial ligaments heal well and firmly, the knee will always be unstable. For this reason the joint is invariably immobilized for a long period. Six weeks at least are necessary for the complete repair of ligaments, and in such a joint as the knee, which depends for its stability on its ligaments rather than the conformation of its bony surfaces, it is well to allow a little extra time. ' Tidy [2] further observed:
'On the crucial ligaments the stability of the knee largely depends. If both are injured, the knee hyperextends, and there is abnormal lateral mobility. If the anterior one alone suffers, the tibia can be moved backwards and forwards on the femur, especially in the flexed position. In either case the knee is rendered weak and undependable, and is liable to give way when weight is placed on it.' Gisbert Niederführ, author of the book Torn Ligaments? A Slipped Disc? Operations No Longer Necessary! [3] , knows Khalifa very well. He summarised details of the history and technique of Mohamed Khalifa: 'Mohamed Khalifa's method is based on the new physics and endeavours not to damage the body but to help it and support it in its own, natural healing activities. If you cut through an elastic band and sew it together again, you cannot expect it to be as elastic at the stitching point as it was before. With human ligaments it's the same. And if the elasticity is disrupted at any point in the human body, the whole system is affected. Mohamed Khalifa says: "Elasticity is a part of human energy. The flow of energy through the whole body must not be disrupted." Doctors, orthopaedists and surgeons operate with the best of intentions and treat their patients with perfect precision -perfect from the anatomical-pathological standpoint which they represent. Khalifa describes his method as functional-pathological. In the anatomicalpathological approach of modern medical science, a pathological (ailing) part is simply replaced in order to restore the body anatomically. Not so with Khalifa. For him function is the primary concern, not anatomy. The most important thing is not the crucial ligament itself but the function it carries out. After all, what the patient is primarily interested in is that his body functions properly again. Mohamed Khalifa restores the function of the knee in a natural way. Nothing is destroyed here, but healed -healed fully, without any consequential injuries. "Healing," says Khalifa, "is restoring form and function." Form is growth achieved by nutrients, nutrients supplied by the trophic metabolism. And in the last resort, healing is nothing else but growth -new growth, a growth that Khalifa's hands foster and promote' [3] .
Regional Oxygen Saturation of Deeper Knee Tissues
Up to now, it is still unknown whether the microcirculation of deeper peripheral tissue (3-4 cm) can be modulated by pressure, acupressure, or acupuncture on an acupuncture point. The goal of a pilot study was to investigate possible effects of acupressure at the Xiyangguan acupoint (GB33) on the regional oxygen saturation (rSO 2 ) of the deeper knee tissues by near-infrared spectroscopy [4] . Therefore, 12 healthy volunteers with a mean ± SD age of 23.8 ± 1.6 years were investigated. Acupressure stimulation was performed for 5 min at the acupoint. The results of the controlled study showed a significant increase in the values of rSO 2 on the stimulated side of the knee (p = 0.033), whereas the opposite side of the same knee showed insignificant changes. These results served as a valuable basis for monitoring a possible therapeutic effect (e.g. of RegentK) in patients with knee injuries [4] .
Manual Khalifa therapy or RegentK has been practiced in Hallein, Austria, for several decades; however, previously, there were no scientific results available on the topic. The goal of a recently published study [5] was to investigate possible acute effects of this unique therapy on rSO 2 of knee tissues in patients with completely ruptured ACL. We investigated 10 male patients (mean age ± SD 35.9 ± 6.1 years) using a four-channel INVOS 5100C oximeter (Somanetics, Troy, Mich., USA). The sensors were applied anterolaterally and anteromedially, beside the patella, on both the injured and the healthy (control) knee ( fig. 3 ) . The results of this controlled study showed that rSO 2 values on the knee with the ruptured ligament were significantly increased (p < 0.001) immediately after RegentK, whereas the values on the control knee showed insignificant increases. Baseline values of the anterolateral side of the injured knee were significantly (p < 0.001) different from those of the anterolateral side of the control knee. The same effect was present on the anteromedial side, however, with a lower degree of significance (p < 0.05). RegentK was clinically successful in all 10 patients [5] .
The goal of another study from our research team was to again investigate acute effects of RegentK compared to standard physiotherapy on rSO 2 of knee tissues in patients with completely ruptured ACL. In this study, 20 patients were enrolled and randomly assigned to receive either RegentK (group A; 10 patients, mean age ± SD 31.3 ± 8.5 years, 8 female, 2 male) or physiotherapy (group B; 10 patients, mean age ± SD 34.8 ± 10.2 years, 6 female, 4 male). rSO 2 increased significantly (p < 0.001) immediately after RegentK on both registration sites of the injured knee, whereas after physiotherapy, only the anterolateral side showed significant increases ( fig. 4 ) . Interestingly, we found significant increases in rSO 2 also on the control knee after RegentK; in group B, these results were insignificant. Based on this study, we concluded that manual therapy influences the hemodynamics of muscles and deeper structures. The results also serve to quantify the effects of non-pharmacological and non-surgical interventions on the microvascular circulation in deep tissue after a complete rupture of the ACL [6] .
Thermographic Measurements
One preliminary publication on the topic of RegentK describes acute temperature effects after this therapy. The goal of this study was to describe the temperature distribution and the effects on the surface temperature of the knees and feet in patients with completely ruptured ACL before and immediately after the manual therapy. Ten male patients were investigated with thermal imaging. An infrared camera operating at a wavelength range of 7.5-13 μm was used. Temperature was analysed at three locations on both knees and, in addition, on both feet. The study revealed that baseline temperature of the injured knee differed from that of the untreated control knee ( fig. 5 ). After the therapy of the injured knee, the surface temperature was significantly increased in both knees (injured and control knee). There were no significant changes in the temperature of the feet [7] .
In a second skin surface temperature study, the effects on the knee were investigated after RegentK compared to standard physiotherapy in patients with completely ruptured ACL. Twenty patients participated in this study. They were randomly assigned to group A (receiving RegentK) or group B (receiving physiotherapy). Each group again consisted of 10 patients. Temperature values were registered on four spots (three on the knee and one on the foot) of the injured and the healthy leg (control leg). The skin temperature increased significantly after RegentK on all sites of the injured leg, but after physiotherapy only the measurement spots on the knee showed significant increases ( fig. 6 ). After RegentK, the temperature had also increased significantly in the control leg, whereas in group B, the results were not significant [8] .
Electrodermal Mapping
In a further study, a new system which measures and analyses electrical skin impedance in 48 channels within a 2.5 × 3.5 cm matrix was used in rehabilitation medicine for the first time. This new technology has already been introduced and described [9] . Electrodermal activity was measured in 20 patients before and after the two different non-surgical treatments of a completely ruptured ACL. The first treatment was RegentK, the second a standard physiotherapy. The patients in the two groups were age matched, and all demographic data showed no significant differences. It was interesting that electrodermal activity was significantly decreased only after RegentK ( fig. 7 ) [10] .
Rupture of the ACL is a high-incidence injury usually treated surgically. According to common knowledge, it does not heal spontaneously, although some claim the opposite [11] . RegentK was developed for injuries of the musculoskeletal system by using specific pressure to the skin [11] . The therapy is described as functional-pathological. In this approach, function is the primary concern, not anatomy. The most important thing is not the ruptured ligament itself, but its function/dysfunction. RegentK restores the function of the knee in a natural way. During the 60-90 min of manual therapy, Mohamed Khalifa applies pressure to the injured . Note the higher temperature in the injured knee compared to the control knee before treatment, whereas the temperature of the foot on the injured leg is initially lower than the temperature of the foot on the healthy leg (compare the colour of the toes). Modified from Litscher et al. [6] .
knee in order to activate the self-healing processes of the human body, using his hands as an instrument for both measurement and therapy. The force of the pressure is not comparable to that normally used in acupressure in Traditional Chinese Medicine [4] ; it is much higher. In a randomised, controlled, observer-blinded, multicentre study, 30 patients with complete ACL rupture, verified by magnetic resonance imaging (MRI), were included [11] . Patients were randomised to receive either standardised physiotherapy or, additionally, 1 h of RegentK therapy at the first session. The initial status was comparable between both groups. Three months later, a control MRI and follow-up examinations were performed. There was a highly significant difference in the mean International Knee Documentation Committee (IKDC) score results. After 3 months, 47% of the RegentK patients, but no physiotherapy patient, demonstrated an end-to-end homogeneous ACL on MRI. We conclude that ACL healing can be improved with manual therapy. Physical activity can be performed without pain and a nearly normal range of motion after one treatment with specific pressure [11] . [7] . n.s. = Not significant.
